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AMENDMENTS TO THE SPECIFICATION 



Please amend the title of the application as follows: 

PD l,a R e ceptor for B7 4 , and Ugos Thorofor Methods for upmodulating an immune 
response by downmodulating signaling via PD-1 with a B7-4 antibody 

Please replace the paragraph at page 1 with the following replacement paragraph: 

This application is a Divisional Application of Application No. 09/645,069, filed on 
August 23, 2000, now U.S. Patent No. 6,808 J10. w hich claims priority to U.S.S.N. 60/150,390 
filed on August 23, 1999 and U.S.S.N. 60/164,897, filed on November 10, 1999. The contents of 
all of the aforementioned application(s) are hereby incorporated herein in their entirety by this 
reference. 

Please replace the paragraph bridging page 15 and 16 with the following rewritten 
paragraph: 

The nucleic acid and protein sequences of the present invention can further be used as a 
"query sequence" to perform a search against public databases to, for example, identify other 
family members or related sequences. Such searches can be performed using the NBLAST and 
XBLAST programs (version 2.0) of Altschul et al (1990) J. Mol Biol 215:403-10. BLAST 
nucleotide searches can be performed with the NBLAST program, score = 100, wordlength = 12 
to obtain nucleotide sequences homologous to B7-4 or PD-1 nucleic acid molecules of the 
invention. BLAST protein searches can be performed with the XBLAST program, score = 50, 
wordlength = 3 to obtain amino acid sequences homologous to B7-4 or PD-1 protein molecules 
of the invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can be 
utilized as described in Altschul et al (1997) Nucleic Acids Res. 25(17):3389-3402. When 
utilizing BLAST and Gapped BLAST programs, the default parameters of the respective 
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programs (e.g., XBLAST and NBLAST) can be used. For example, the nucleotide sequences of 
the invention were analyzed using the default Blastn matrix 1-3 with gap penalties set at: 
existence 1 1 and extension 1. The amino acid sequences of the invention were analyzed using 
the default settings: the Blosum 62 matrix with gap penalties set at existence 11 and extension 1. 
See the NCBI website http://www.nobi.nlm.nih.gov . 

Please replace the paragraph bridging page 40 and 41 with the following rewritten 
paragraph: 

The comparison of sequences and determination of percent identity between two 
sequences can be accomplished using a mathematical algorithm. In a preferred embodiment, the 
percent identity between two amino acid sequences is determined using the GAP program in the 
GCG software package (available at the Genetics Computer Group website 
http://www.gcg.com ), using either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 
16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred 
embodiment, the percent identity between two nucleotide sequences is determined using the GAP 
program in the GCG software package (available at the Genetics Computer Group website 
http://www.gcg.com ), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 
and a length weight of 1, 2, 3, 4, 5, or 6. 

Please replace the first paragraph on page 41 with the following rewritten paragraph: 

The nucleic acid and protein sequences of the present invention can further be used as a 
"query sequence" to perform a search against public databases to, for example, identify other 
family members or related sequences. Such searches can be performed using the NBLAST and 
XBLAST programs (version 2.0) of Altschul et al (1990) J. Mol Biol 215:403-10. BLAST 
nucleotide searches can be performed with the NBLAST program, score = 100, wordlength = 12 
to obtain nucleotide sequences homologous to B7-4 or PD-1 nucleic acid molecules of the 
invention. BLAST protein searches can be performed with the XBLAST program, score = 50, 
wordlength = 3 to obtain amino acid sequences homologous to B7-4 or PD-1 protein molecules 
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of the invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can be 
utilized as described in Altschul et al. (1997) Nucleic Acids Res. 25(17):3389-3402. When 
utilizing BLAST and Gapped BLAST programs, the default parameters of the respective 
programs (e.g., XBLAST and NBLAST) can be used. For example, the nucleotide sequences of 
the invention were analyzed using the default Blastn matrix 1-3 with gap penalties set at: 
existence 1 1 and extension 1. The amino acid sequences of the invention were analyzed using 
the default settings: the Blosum 62 matrix with gap penalties set at existence 1 1 and extension 1. 
See the NCBI website http ://www.ncbi.nlm.nih.gov . 

Please replace the first paragraph on page 1 16 with the following rewritten paragraph: 

Sequencing revealed two forms of B7-4 molecules. The first form, B7-4 secreted (B7-4S) 
encodes a protein having a short hydrophilic domain without a membrane anchor. The 
nucleotide and amino acid sequences of this form are shown in SEQ ID NO:l and 2, respectively. 
The second form, B7-4 membrane (B7-4M) encodes a protein having a transmembrane and short 
cytoplasmic domain. The nucleotide and amino acid sequences of this form are shown in SEQ ID 
NO:3 and 4, respectively. Both members of the B7-4 family identified have signal, IgV, and IgC 
domains, as illustrated in Figures 3 and 4. The B7-4M form has approximately 21% amino acid 
identity to human B7-1 and about 20% amino acid identity to human B7-2 as calculated using the 
default Blosum62 matrix with gap penalties set at existence 1 1 and extension 1 (See the NCBI 
website h ttp://www.ncbi.nlm.nih.gov) , under conditions where B7-1 and B7-2 have about 26% 
identity. 

Please replace the first paragraph at page 8 with the following rewritten paragraph: 

Inhibitory receptors that bind to costimulatory molecules have also been identified on 
immune cells. Activation of CTLA4, for example, transmits a negative signal to a T cell. 
Engagement of CTLA4 inhibits BL-2 production and can induce cell cycle arrest (Krummel and 
Allison (1996) J. Exp. Med. 183:2533). In addition, mice that lack CTLA4 develop 
lymphoproliferative disease (Tivol et al (1995) Immunity 3:541; Waterhouse et al. (1995) 
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Science 270:985). The blockade of CTLA4 with antibodies may remove an inhibitory signal, 
whereas aggregation of CTLA4 with antibody transmits an inhibitory signal. Therefore, 
depending upon the receptor to which a costimulatory molecule binds (i.e., a costimulatory 
receptor such as CD28 or an inhibitory receptor such as CTLA4), certain B7 molecules including 
can promote T cell costimulation or inhibition. 

Please replace the first and second paragraph at page 76 with the following rewritten 
paragraph: 

In another embodiment, the co-ligation of PD-1 and an activating or inhibitory receptor 
on a cell can enhance the generation of a negative signal via PD-1 . Such co-ligation can be 
accomplished e.g., by use of a bispecific agent, e.g., a bispecific antibody as described herein 
having specificity for both PD-1 and a molecule associated with a receptor. In another 
embodiment, the use of a multivalent form of an agent that transmits a negative signal via PD-1 
can be used to enhance the transmission of a negative signal via PD-1, e.g., an agent presented on 
a bead or on a surface. In another embodiment, a-such a multivalent agent can comprise two 
specificities to achieve co-ligation of PD-1 and a receptor or a receptor associated molecule (e.g., 
a bead comprising anti CD3 and B7-4). 

Agents that block or inhibit interaction of B7-4 with a costimulatory receptor (e.g., 
soluble forms of B7-4 or blocking antibodies to B7-4) as well as agents that promote a B7-4- 
mediated inhibitory signal or agonists of PD-1 which activate PD-1 (e.g., PD-1 activating 
antibodies or PD-1 activating small molecules) can be identified by their ability to inhibit 
immune cell proliferation and/or effector function or to induce anergy when added to an in vitro 
assay. For example, cells can be cultured in the presence of an agent that stimulates signal 
transduction via an activating receptor. A number of art recognized readouts of cell activation 
can be employed to measure, e.g., cell proliferation or effector function (e.g., antibody 
production, cytokine production, phagocytosis) in the presence of the activating agent. The 
ability of a test agent to block this activation can be readily determined by measuring the ability 
of the agent to effect a decrease in proliferation or effector function being measured. 
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Please replace the paragraph bridging pages 79 and 80 with the following rewritten 
paragraph: 

For example, blocking B7-4 polypeptide costimulation or activating a B7-4 or PD-1 
inhibitory function is can also be useful in treating autoimmune disease. Many autoimmune 
disorders are the result of inappropriate activation of immune cells that are reactive against self 
tissue and which promote the production of cytokines and autoantibodies involved in the 
pathology of the diseases. Preventing the activation of autoreactive immune cells may reduce or 
eliminate disease symptoms. Administration of reagents which block costimulation of immune 
cells by disrupting receptor: ligand interactions of B7 molecules with costimulatory receptors is 
useful to inhibit immune cell activation and prevent production of autoantibodies or cytokines 
which may be involved in the disease process. Additionally, agents that promote an inhibitory 
function of B7-4 or PD-1 may induce antigen-specific tolerance of autoreactive immune cells 
which could lead to long-term relief from the disease. The efficacy of reagents in preventing or 
alleviating autoimmune disorders can be determined using a number of well-characterized animal 
models of human autoimmune diseases. Examples include murine experimental autoimmune 
encephalitis, systemic lupus erythematosus in MRL/lpr/lpr mice or NZB hybrid mice, murine 
autoimmune collagen arthritis, diabetes mellitus in NOD mice and BB rats, and murine 
experimental myasthenia gravis (see Paul ed., Fundamental Immunology, Raven Press, New 
York, 1989, pp. 840-856). 
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Please replace the paragraph bridging pages 86 and 87 with the following rewritten 
paragraph: 

To identify cytokines which may play a role inthe induction of tolerance, an in vitro T 
cell costimulation assay as described above can be used. In this case, T cells would be given the 
primary activation signal and contacted with a selected cytokine, but would not be given the 
costimulatory signal. After washing and resting the immune cells, the cells would be 
rechallenged with both a primary activation signal and a costimulatory signal. If the immune 
cells do not respond (e.g., proliferate or produce cytokines) they have become tolerized and the 
cytokine has not prevented the induction of tolerance. However, if the immune cells respond, 
induction of tolerance has been prevented by the cytokine. Those cytokines which are capable of 
preventing the induction of tolerance can be targeted for blockage in vivo in conjunction with 
reagents which block B lymphocyte antigens as a more efficient means to induce tolerance in 
transplant recipients or subjects with autoimmune diseases. For example, one could administer a 
cytokine blocking antibody to a subject along with an agent that promotes a B7-4 or a PD-1 
inhibitory activity. 

Please replace the third paragraph at page 122 with the following rewritten paragraph: 

In this example, fully human antibodies against B7-4 ef or PD-1 are made in mice that are 
transgenic for human immunoglobulin genes. Transgenic mice are made using standard 
methods, e.g., according to Hogan, et al, "Manipulating the Mouse Embryo: A Laboratory 
Manual", Cold Spring Harbor Laboratory, which is incorporated herein by reference, or are 
purchased commercially. Embryonic stem cells are manipulated according to published 
procedures (Teratocarcinomas and embryonic stem cells: a practical approach, Robertson, E. J. 
ed., IRL Press, Washington, D.C., 1987; Zjilstra et al. (1989) Nature 342:435-438; and 
Schwartzberg et al. (1989) Science 246:799-803, each of which is incorporated herein by 
reference). DNA cloning procedures are carried out according to Sambrook, J. et al. in Molecular 
Cloning: A Laboratory Manual, 2d ed., 1989, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y., which is incorporated herein by reference. Oligonucleotides are synthesized, e.g., 
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on an Applied Bio Systems oligonucleotide synthesizer according to specifications provided by 
the manufacturer or are purchased commercially. 

Please replace the first paragraph at page 118 with the following rewritten paragraph: 

PCR reactions were set up in 96-well plates using reagents from the Perkin Elmer 
TAOMAN TaqMan™ EZ kit, according to the manufacturer's instructions. Standard curves 
were set up for each of the four genes analyzed. Forty cycles of PCR were run in an ABI Prism 
7700 Sequence Detector and GAPDH was used to normalize the B7-4, B7-1, and B7-2 results. 
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